Sl g s Wy ) V- omgig)y ply 0ussS Jlad g Juo (o5 oo 3 ddation 35 L 090 S puils

(NNK) 95U 31 (Gotdiun (3955 ] 39 yiod (3§ griuman )1 8l
#1013 o poe00lis 81355 y3basco

Ol Rl bl ¢0li5ke SRS (22555 pole 0aSails (2259 STele S (5SS Sormisla.)
Ol Rl e olisle (5 )slid g ple olRasls (coges (ug)0 (sole Ctn
ol el o5 oSl 5 pole saS_tilS c g (535t ped 0,5 coliwl .Y

oS

Py 5o S Al gl 4y, il (S3eeil Dl 5 50 JBlas glile i3y sle ael S el (] jeal 1BAB g Al
9 Joe olo o L ain g oo aaa VY 00 dslllas ol tagh 5l Baw asjls (13 I 090 31 ooU &1y oyl yeo Slge
Slass 1 Buia (B9 950 (NNK) 551 5 3o (155 (el o i (i) claio o o) gy 2l Yo sl oy oo JUod
«(N) NNK (E.N) NNK- 33 103 ¢ (E) s yo5 sl 09,5 Jols 05,5 0 ay o, 5 V- OIAFEYVAY S35 nSlio b iy &) o §5
Ol Do b aan (0 50, 0 s VY o 4y 1) Ll diciion 5 Slo ped 0 el (6o 05,5 .00l gl (V) P> 9 «(C) J S
Ol 0 NNK g ylaie Ol s 5 4 NNK 5 Pl 09,5 sla &) 4 .aiols aloul 4iBs YO-F+ S g wids p 2 Ve B F O
tadzr Bl ey el FA Ll B35 i o )L G g e VY S 4 Sy Sgo 4 a8 kS p e (e VYO
05 ol Ol i 0,33 0l T ole ax o =V gles jo g ailo g 4y, 8L sle dged g Wl L3 b Oy (8,5 g oS
Syl geyl 5l e sols dnlie Cg 38,5 (605 ojlail Real time PCR-ABI jog, 4 Y- cwngig, plo oS Jlad 5 Jowe
Ole yo 6yl e il il adly 0o )T eolanwl PS/e D 5, cre mhaw )0 (S oo yge3l 5 ad b S uilly 5 LT
9 ‘5».:).04 6[.% 05; O as (5H> L .0 osalie EN (p:~/HY) 9 E(p:'/“\) 05; 9o A S NNK 05; o STAT3 L))
Rl JoSo lgie WIS e aidin 5 (2355 Sl yeT 16 pS AT (P 0) BB 0> ()1 (Sre gl g J 1S 05,5
355 )l B eolaial 3550 3095 4y (stitie Sloprae (Lol Jalse falS S« Sloys sl by, ple LS 50

NNK u)ﬁ"“‘“’)g ‘\Ngs"‘"?.ﬂsﬁ) ‘QLJ.J XLy JL.:S 9 JJ..:.A (LS >2) QLLg.)aoS 6-\-5.15 ‘SLQ 03‘3

fm 39 pale ouS IS ¢yl 3o SIS ¢ puanlily : 0 33T o] gad ONI—unny g
DOI: 10.22077/jpsbs.2017.681.1242 s-mirdar@umz.ac.ir : S g S| Sy


mailto:s-mirdar@umz.ac.irپست

PR IT SR W R UG [PRVE

%S 5 yhe) Cenl IL6 B § STAT3 20 ply s

(Y0
Loablie o 25y sl ool i Lboall, o
15 00 plal wlid oF dan Slillas iy doyfeiem,S
Sl a3 o8 wias o ol Tolb e — 3559 (Slllas 039>
5 b Ohlem sl SRl o Wlg oo (o355 plate
Oez9)5) 998 b by 51 (AU e 9 S pe e a5
Go,Sgile wemy ol L (YN oK 5 el
P 2y s o slecdld L (Sks s
RGOV V. Sy O EO. S-SR N PRI F Y-S DURRLINY I IS UL 00}
25 s bl Glojer 55U A 0 4z S
2905 & (e ez NNK (5000 )lS7 Wl 5 aeinn
Cote b din) 4o Lol enl ooz aloul (gl aslllae STAT3
390 b Ojglme o ad )3 13 oldl o S sl codled
s a8 wols las (Ve ) oS o ey K
gl oy Sae (alS el wansed Gl Gk 5l S
O 3l vdien dny CBb L ;0 d92se slaerem S
adllas o amse LRl 1) bl Gk Sl (b
oorel el o a) DNA ewl gals (jsSde
Collad 4z )3 DNA e i cod)l Rl8l 5 (siales]
Algigo a5 w0 zrkae solS Jale g0 lsie 4 olaite S
5 o) wes el )y ol gl Dl s
plosl o 50 55 (YAY) 150 5 g (V22 ()50
Sl o3 plowl 5 B 995 (2yre ;5 sla (B9 (59, » oo
595 e 4 (R85 1B AT W) Az (nl 4 (3559
o JW 5l b gy Sl a4 e Wl oo S
b Wlgs oo (23559 Dl yod plonl Lol 1358 Sledl sl milie
Sl cnl plp o wlpXag 5 (il A& oL o>

Aol asls

SR sy Sl s clas sy o

1. Jemal

2. Pathogenesis

3. Miller

4. 4-methylnitrosamino)-1- (3-pyridyl)-1-butanone (NNK)
5. Hecht

6. Ge

o Vo omigig) pl 00idS Jlad g Jue (35 by 0 a3 L 090 SO U

doddlo
Ol 5 Rl 4 gy e 9 e Jle 5 e 5l Ol
Gl Jare S lyie 4 ) ooy o)yl azil Lo
a) by o gl alises glsil Slos o el (o Lo
& 0g; oo Jbed o lby S)lse s I (S
QLS oo D88 (55le ol ST 0 ol 51 ol slass AL
A8 56 sle d iy wé, e (Yo V) (o, 5 Jlex)
sl ol JsSse THisl L ol cwnl csls s
Jdo Glaie 4780 sg0 b as sl 4y oyl Lol cde
IERL PRI PR IRy o bt @ lew onl Lol

Ol

28 Sl gyl P ) Gl sl e 950

(NNK) "5 31 550 (3955” (melja i b (3500m)lS” 0]
Lol gme b3, g aid) el 4 (g8 (n o8
3 oad pbol Sldllas (Ve o¥ Coom) s)ls 4y, olbyw
slo (wlid by, &5 wad (o0 s Sl laJoe
Mg 4 e g oo NNK Sglise (slajge 5 alides
57 2) 25h b 68 gl e o w4 lo b
S g )5 s SIS L akaly jo (YN0 (o] o
ol gl ony5l8 S el 5 NNK wiile e 590
& » STATS aile (20559095 4 (stiie (20 play Slo e
STAT3 ol g Wlgs oo NNK a5 aas o (yLas baazily
03lgls ol ;3 09d ) SzsS 2 by sl 5o
Slozy sebar (L8) "F-inSlinl e anlSanle
YU 2Bislesl g Slusl sl Jow ;o NNK 251581 b ol o
G gle Rl g )l 090 @ Eal 50 ) (o0
35 STAT3 i, Jole oo ylows 4, <l jo IL-6 el
Sl oS slaylSg5ke I (Soeenlnly boe SRS
WDed (o0 395 Sdigim )5 SISl e NNK ] Lasgs a5

7. Cytokines

8. Inter Leukin 6

9. Exercise — Oncology
10. Kruijsen-Jaarsma
11. Leitzmann

12. Yu



1Y¥aA OLLMH'B 9 )LQJ. Y D)L‘\.sl Y 099

I8l oy sl o ol Oige w4 ol g ady o laikel
atin g olSiyles] Lams b (o )55l gz « gl diim ol
ale o) ol s l o Ll o yed b oldl cgz g0
o 09,5 (Aol (b Ve 09 5 F 4 olal 50
(3 «("ENN) NNK- 33 503 5,5 (z « (N) NNK 09,5 (& ¢ (E)
o Gl F g o5 V) Shatie O Gy b Pl ogF
WA e (C) J 505 09,5 Olgre

(VAT Oh%es 5 Jlopee JSS9n olol 3 (e SS9
Il sl jshare & (S5 cal (ol 2 oo 3 (Hib
PO, ged o b Bl 5 Ld oyl (LalS
ol el Jols joasdo Ve JIV e Soe 4y aiae S b
So Dyge @ EN G E gloog 5 50 Ll (o jed a8 51,8
sl 4 Ol 35 o po datia 50 5, B) 59, 0 b
a0 Yoo¥Y Ol ax o b g0 gblo VeexQexO-
5l sapes b adlol el s al g ole ¥ b s o5 il
Ao,8 Jlesl Lt ple Of &jud g S oubal 5k
Jsl 395 5 2T b @S5k 5l @1 ) (s oy e
Gl adds B (She Al L a5 og adds YO (n e
S e e e R Y
B B YR RUPSUC APV S IARERCHICTIRY JUCTISRRR
Obl U aids p il Ve By wd g9l aids o 5
O g o) S8l aslsl (V Jgaz2) (uyes SSSgn
) Syse 4 N og,5 s EN 05,5 ;0 NNK 5,5 (Y)Y
PRS2 e o VVIO Oliee 4y catin )5 )L SG gal>
5 Pl 05,5 a5 wd plonil aaa VY S 4o G 039
cim g Jor ATV (oK s TY) oS 55 ks
lo (bge NNK (5,55 5 (p el ddr (031 51 ey el
S8 ComelS 5 Tl Jolore b ot s o 5l
309 b 3wl Sl o Aol b ol 4y, cdl g s
plxil Caz g w8 (6l o5 ole az o -V gles
A ool 3 olKiulo;l 4 RNA zl seil 1,0 aslol

1. Wistar 5. Vehicle
2. Exercise 6. Lao

3. NNK 7. Xylazine
4. Exercise - NNK 8. Ketamine

O039 39 (S ) pole (69 1,5 ladllao & 5l

s o3 oy Sl yed 45 Wl ool (Lt Slalllas
Wigh oo el ol o 5 s ldlas Sy
S35 25 ply Gl 2 Qleillas (Shs cnl
5 &bl NNK wiile 5 993 lag i)l (& 5l Sl
Ao) 5o ool plxl Oldllae 8929 L .Cad casS &8
b 4 S 4, by k3 g (G55 9 S slac Il
Sep b b S0 cldled lzl e dbaly g 4 odes
SL 090 oy o b ) LI o a; by
Izl ela,Sails 5j50 0 Sszge Sledbl wilazsls
SLAl s 4y ol js G5y Jlas oo jo (o059 Cudled 56
sl Sl 1] Slitis 5 oL 590 Lo yre o by (6, K
Ol g e 0l o 4l w2y Lo, ol
Doy ol NNK ale SCifgiumm IS olge 51 o STAT3
Wl oo Wb s (5555 Sl el bl oSl ke
NNK &b 5l odwel 9529 4 STAT3 Sloadl SCs56501 e
@ ey b Sule e STAT3 (55831 Jlee )b I,
Sl obile Jlarinl 5 (cedid oy 4y 8L oy
Ol a4l Jlas gals o (L5359 collad Cosnl g gu
Jolos b (25559 Cdlad bL3I b, Sg5le 5o (g9 |
4o aS @"lmg) a, by Gadod opl 0 dsdllas 050
Sy oo wilazd S 18 (NNK) s (5505 (2520
5 Sy el I (Slx o)l o saske Sl
Sl 4, Sesn )5 slo a3ls 5l (S 6,135
ADO

G 095

oE sl Oy TF Slowi 0g 0 g9 5yl Baass
5V OINFEYVIAY 555 oSiln L 3L i
Oloys b sla id 0 alflazr ©jg0 a4 g 0l gl >
PRkl bl s cos (i S yo o, F o) Blas
5 Q0,0 DOED  cwd Cugb, g ol 5 Ble ax,0 YY £V/F
Glié s S L aele VY Sob - olid, as >



oo Fo00ld g ol 3506 Elsesxo

o Vo omigig) pl 00idS Jlad g Jue (35 by 0 a3 L 090 SO U

m203l90 G Jgl anda I ddodon 5 U (o o SS9y ) Joo

w2350

PEXSIS

o 05 Ols—ie 4 GADPH' I 5 o alol o5 il
anld S 0 (Y Jgam) amo,5 eolan.l STATS
peS 8ol ol b ohate (3o DS Jgmol (G
(S 0S) os coley lyossle olKisls imgh (IS

(MUBABOL.HRI.REC.1395.109

s ol RNA gzl ol < gl S5, (ool 2
"eoS Jeddlgiws @b STAT3 5 cDNA jiw o>
sl cbale lanl o Joe 00l S luge 5 oS 5
ab atie il Jbw eeyl 5l eolaxw! L cDNA
sl L STAT3 5 sl 2 Real-time PCR _aSTy slaas >

a5 #+ 5 0 sles 30 | Realtime PCR-ABI |,

solaiwl 0590 & o (45 9 STAT3 (5 g5 .Y Jgus

STAT3 ACCAACGACCTGCAGCAATA

AAGTTCAACGGCACAGTCAAGG

= 5 (nped 09)5 35 5 JFS 09,5 5 eyl 098 O
09,5 Om dmalie ;3 (pizren (pZ/00) S90S
(P=\/++) Pl g (p=V/++) J5S 09,5 99 9 NNK -y, o
O A lie (O Jgoz) ol cvalie gl cxe Ol 38

095 35 (rl m a5 91y GLES NNK=(p yo3 g (2 yo3 09,5 90
oS b o w0l sgzg (p=2/3Y) )b gme gl 38
O2red 09,5 4 Camd NNK 09,5 50 STATS (5 olo o)lj=e
e s9b 4 p=1+T) NNK-(p 03 09,5 5 (p=2/++Y)
0 Lh ol s (ime Al (izmen 3 SVL Mo
Pl g =21F) J265 09,5 59 4 Crnd NNK 09, 57 50

O U 90 Jeo) ol cvaliwe (p=2/+Y)

1. Trizol
2. K1622 for 100 reactions

ACACTCCGAGGTCAGATCCA 1D25125

CATACTCAGCACCAGCATCACC 1D24383

5 U8l Jsa s elol (05 o) sumal cows 4 ol
9 4 Sz 8,5 18 Julo g a5 950 Excel l38le 5
Al oolatwl V4 azus SPSS 138l a5 5l e cols o
89,55l seil L it s (o9 b o
e osls fog b 4 Az L ays S el ?g_ésjwl
i 0303 5 a8yl Sy Guilly el Sl (ges]
A 50 0PSO 6yl pre xlaw o S

b assly

odls ools (L3 ¥ Jgao j0 yol> Gudod saiosd slo a8l
Solas 09,5 O 4o STAT3 ) ol nwSle oo .ol
2 (F Jgoz) als cslice (F=FIVOY p=2/++¥) (5,0 sixo

STAT3 5 ole Oliee (599 (sl 303 @l ol

5. Paffel formula
6. Kolmogorov—Smirnov test

3. cDNA Synthesis Kits—Thermo Scientific RevertAid First Strand cDNA Synthesis Kit

4. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase



WWAA Ll g )les Y o lods ¥ 0,90 O039 39 (S ) pole (69 1,5 ladllao & 5l

axdllo 3,90 5a 09,5 50 b (@S Lh oy Y Jgur

W og,5
VVV/YYY £ YPI0F Vo V/SA £ YY/PY \Vo2IVE Y /NP \Y/PY £V /YY VeY/OY £ VY/A- (p55) adgl ¢339
YVE/YY £ £V/AY YVY/IAY £ #YIY0 YAO/F - £V-/FQ YO/00 £ Ya/¥F Y¥A/0Y £YY/AN (05 LIS T

ARTAREE=R VAR YY/YA £\/5Y YY/IVE £ V/F0 Y+ /AA £ V/0F Y/2F £ VNY (3o Hlw) 03

VIVE £ /58 VAY £ - XY VIEA £ /YD VPY £ -\ NS E Y (555) 45 0339
VY £ +/FF NE NAESNN YA E SN “IAS £ < I¥A (i o) 41y o

adyb Sy ily,lg Julowi 903 gl F Jgu

- ) é’u-n
offo off

fIvY YYv/ay \YOV/AY

PSe/ob o jo 4l o Diglay ASLLS

W 09,5 (o295 dmalio (pgas 3 (Soi (yg0il b O Jgu

e/ Y

VYA YEY/AN P>

PR \YIOFEYIYE Js

YRR VE/A-£Y/AN Oryed
R VVAYEY/AN NNK- 53 o
Ve <Y +EY/AN S
Ve < [FAEYIYE Js
LAY Y/AYLEY/A Oryed
/a0 ~Y/EEEYIAN =
-/2A SVIYYEY/YE s

PSe/+0 rhaw ;0 b 0g S (IS (Smo glay ailis

.@ixd g 09,8 50 STAT3 (45 ol dwslin ) JSCi
PSe/+d phaw JONNK 09,5 b 5l0 Sxo glis



PR IT SR W R UG [PRVE

epar o oeb o Jbb 4, olbyw o asys YY-FO
Oigi )5 blae o o ped gbla> 50 slo sl ) l5g5Le
sl cdled 35U Lol Jole g0 4 flgs oo s sl
Sl palS s s 5 b Sulitul (egat 4 S
50 5 T omiz) 05 )bl iagl s S50 5 (a0
o B gy 5t Gl o &5 (Gliis (V0N

VY Py g 5595 gl
i3 o NNK 05,5 50 NNK 33,5 O Joax> illas
(Pl slo 05,5 L anslin ;o0 STAT3 5 ola b g
A iy ool e el NNK-( s g (S ped (J50S
5 Sl slo Jow ;o NNK 55,55 a5 &l ool ylid ybboe
GRIBl 5 5o T w58 e sl 0F SRl b elRilej]
ol Oeiies ol sl ol e STAT3 Lol la 3550l
OBl s NNK 1 (26 (ol559005 Gy 45T 2 (o
Oty «oled )3 9 (Jobw 2S5 l33) 5 STATS (555l
ail esle (las 55 (B (Y210 (1,500 5 Jhs) 05 o0 4y
395 oy ;3 5 sl s sl atie VY xS )15 WS
T Ye) 55 g0 STATS (12550l inl33] comms (K
Gl gle 4l b koo oyl @l (Y ed olSs
STAT3 (5553l ial38l g NNK 56 _pgas s oud alsul
GRS ol o S Sl a4 )l Sl
b e lo g 5 il S o (anl sl ol
Gl 05 Ol 5 ygess 00nS S s sle ()3 3 ,Sles (NNK
51 oS el 355501 STATS ole 5 o e 35553
ol a, S8l o pgad 4 NNK L ole g5
slo Joho Cooms 4y (rnb la Jobo 2800 10 0L (o0
0 el Sloymns 9w (o0 (IRl Sl g (b 22
b 0395 5 s9095 slo 0aisS 09 dlad Sk )5
aslllas 3 > STVVF (1,503 5 cge) 3,18 o i
ol Gzl 5l (S gleie 4 NNK oS ol ools lias pol>
JUB 1) STATS j9095 & (e jomwe Wl (oo )10 390
Jud b glosen LTS o)ls (qwyr @ 5L Sy cnl oS
25 s Salad Gk Sl ol e Gl el s

5. Coussens & Werb
6. Halappanavar

1. Lunz
2. Vieira
3. Murakami 7. Siveen

4. Jensen

o Vo omigig) pl 00idS Jlad g Jue (35 by 0 a3 L 090 SO U

s Gl el 4ae VY aS ol lis Lol s mls
S sl 0g)S )3 STATS () plo )l worge aiiin
095 b (shyed 09,5 93 ;0 STAT3 (j plo awlis ud
O o Dlpsd 50 (ghls Zme iol38l aS sly Llas NNK
odal D990 £ yed 09,5 95 4y Zuwwd NNK 04,5 o STAT3
slo 098 G ) (e SgliS g &5 (b o el
Gl O Jgaz) wis easlie Pl g J7uS 095 5 (Su e
gl 5o Ld acion pj Sl e St Ol (S mls
Lol (oo NNK (5 )IS (0500 0 28,5 18 a4y <l
Comd NNK 09,5 10 STAT3 5 lo jiulidl 0925 45 a> g5
09,5 Om )l (e Dol puc g (hped sla oS @
55 ool ol (oo NNK-(p o3 9 J50S 09,5 99 5 (i po3
039 Fgo STAT3 (135Sl Jlos )3 aipiony) Sluyed &
s e sk 5l aST Wle 352y ple ouiiS e u]
S ¢Sy |, STAT3 cullss wiilys o STAT3 4 IL-6
a5 Wil ools las sg aslllas ,o (Yoo A) %8 5 3
P p e e Sl (o0 090> b (halitnl DLy pes
lospam S 51 e (moply (slojme 5 (355501 Jalge
S ke STATE 0368l ole 5o LialS clply o9
25 Oloyes @b 5 NNK L oo lagyjgin )5
Dl yad g sl il 5l (Ko plsie 4 ol iy
plsl ey )5 4z ST 09500 Jled a4 (Seliiul (o255
2 NNK Sisim)57 A85 e aie 5o (gralitnl Sl o3
o5 oads ool Lt Jg el Sl s azily STATS 5553
o 05 Dl b sjlen Sl pad veml 4 M sle Jage 5
9755 Ol 2ol 5 el st (S o WS
s ol s o (Yo VP (LS 5 s) Sed STAT3
o Al oo Ll aiiiog 5 Sloyed a5 ol el lis
Sl (V) 1%s 5 7 alSTyge 058 STAT3 cudled s
WJolSS 5 b, 5o sl sl 03 5l S ol Ty 05
Olye 4 a5 ails (o sy9e8 slo Jobw li 5 2SS
29 00 e sl e ;3 (cete (29 pln (ol



1Y¥aA OLLMH'B 9 )LQJ. Y D)L‘\.sl Y 099

IL-6 Sglaie sl il pgas ol o cwls pS el
o 20 ply la e 10« So3leil g Sojolg s bl b
L gl @8ly azgi 0)50 (Gl 35 Sle 5 Tl (gm0
Lo ;0 STAT3 by 4 i wilgy o IL-6 2 g ,»

Slaons )3 A 2 S S AT g ) wsd ok
Sy90 40 s dalllas ploeil 1A) el Sglaa DlS™ 20 ol
Al e iles e s g0 ol el

Sl o B p S B9 la bl sl 4 (nlple
1B el (alSyale ialS ko Sl s s
STAT3 (magig; oS 2als » (plgule ool (o S
Gk 3 oxt Jlb STATS 05 ol g o onl Juns
Gl 5l i pj (G359 sle <ol 51,8 NNK
o5 ol B e Sl e i, a5l o
oo 1, el sla pasls I esSas gl
Ol ) Wl 03ges A1 (53lse ol (24555 sl cudlasd
ol RSl Galple (VNP eSS senlnl s
£ 3 W Oige )5 (o yme jo a8 I8 2l o pgule
@l Jya> ;90 G5 e S Wl oo oB)y Cullad
bl b Gdos cnl glo al peesd 5o ubony ol
Sad ghls wlyyed a5 (Shge 0 S g (o0 35z e
S ol Jlast 4 ol M ls aslsl g M pdate M lagie
S S 55 Heess 4 st Slo e ;5 ol Jilse
S PO S T [ B K
s o alaly poar STV (ol g )S)
o 3t )S e5 8lS 5 el s Skt el
sl gy 5 2o BB T Dl 5 S 0 el £

50 Gaid plal Cudgamme 4y dzel b oig S Azl
Slallas 0392 ;5 Gudiod cpl plxil 5 Sl la aiged
phate dde ) Sloyed plawl vy (oo Sl 4 ((Slsem
Loablie cyzr cwle oSl Glee Wl
ool gle sl asl NNK s laoee (glacyoiems S
Oloyod a5 (5313l 4y SaS Cuzr 53995 U WilgS oo B
o9 sl codled ploil 4 ol liles Jlasiul b

1. Yu
2. Leu
3. NeoPlasia

5. Fischer
6. Donatto
7. Ostrowski

4. lliopoulos 8. Myokine

O039 39 (S ) pole (69 1,5 ladllao & 5l

Co,ls 8g>g aion
2B &S e 9y i el (i sliel 4y
) 9 33985 99y oo slets Glbrw G99 b ig )
OhS (VVE) 1% o e sl a4l o assli> (Y- - Y
dL-6 pbas Sl sl planle 4wl jo a5 Conl ous
LS 55 (Voo ¥) oL%0s 5 "92) 058 o aly,saud STAT3
Joe cdled (s s jaboany IL-6 a5 ailosls
¢ STAT3 (g9 0uiaS Jld (sl )9 iS5 Sl
2 205 sye8 S5 5 T st o Wlgiige oS S5
(A o rme 3 16 Lol Jule ST Bg5le 0,90
S IL-6 4 Wisges (ol (giiizs 5o (Voo 8) 5,500 5 elsed
a5 b o Jske g o 055 sleesinS G
Sa35l5h 50 Slyeeis STAT3 Jlgo 5 955 o STATS (3553
Called alply o)l olyem 4 1) g8 (6,5 USS a8
i Sl Gl 5 e Sk JSE i s STAT3
Olgme an L6 Slpadl i (uleulu (g, -Sejlall
@ Ll gl (oo Cgume B (pl ol slacasgacs
STAT3 ol 45 5,5 olo olsf oo s sloazil sl
wolb L6 oledl iy Jole Giulidl 5ok 5l wilgy o
Gl s as sls ol oss sle axdly yo (Y4 9) s
G sl psnle haws &b 5l wlly (e (o855
OS5 eslgs aal amaly olgdlas 51l
2 slin A eglie Sl pes by b 3 (VT
wols Hlas 9095 Jol> sla &) jemol b yo IL-6 Lo
$laos, S o 116 il Gy lSyile als oS
Sl 1S 5 j5eg5 05,5 A Camnd j3055 — (2 yed 9 2ped
2 ez el Sl Lsme 0 (8555 Dl pes 3l
GRS 3yp0 50 (Ver) oo 5 ' Syl sl aly
o G e el jo (S Sl el
Sl el el Sliyel a5 Gl odd (g ,eF Az
Olpear 116 ¢ Sledll Jalse ol 5o 5 wiwn el
Sellad g (b)) plBs 50 9 05 )0 (B sl (ol
85l G il 16 j9a> g 350 (o0 Cgme (S

9. Moderate
10. Regular
11. Continuous



oy sl g 01350 Slvesxo o Vo omigig) pl 00idS Jlad g Jue (35 by 0 a3 L 090 SO U

el gyt Sllllas & Slypes Gl e mizen 09d &l e il n e

P g (Sloyud  ple LS e eSe Sleps (s olsre 4 shlse plate

095 w2t S al oLl 5l ad Sy dlie ol ez blcez o o (e )8 Sl sl s,
oBails 5l b g Bope ol (IS SBi idmmd kS 0 $By Sl sl Bl e Sy
50955 3l 1) 093 Slojud g Sas col ¥ el lhwiile e Sy0 s Gludl gl aised o ogas 4 Sl
eles @dlel lyassle olSsils (o859 ($3edga 5 oiulejl SIS L LSS e 5 Jobe 5 (JeSIse sla)Sg5le
ey Ol oy S8k n (B9 Sl oS glgil ke

&b
Coussens, L. M., & Werb, Z. (2002). Inflammation and cancer. Nature, 420(6917), 860-867.

Donatto, F. F., Neves, R. X., Rosa, F. O., Camargo, R. G., Ribeiro, H., Matos-Neto, E. M., & Seelaender, M. (2013).
Resistance exercise modulates lipid plasma profile and cytokine content in the adipose tissue of tumour-bearing
rats. Cytokine, 61(2), 426-432.

Fischer, C. P. (2006). Interleukin-6 in acute exercise and training: what is the biological relevance. Exercise Immunology
Review, 12(6-33), 41.

Ge, G. Z, Xu, T. R., & Chen, C. (2015). Tobacco carcinogen NNK-induced lung cancer animal models and associated
carcinogenic mechanisms. Acta Biochimica Biophysica Sinica, 47(7), 477-487.

Halappanavar, S., Russell, M., Stampfli, M. R., Williams, A., & Yauk, C. L. (2009). Induction of the interleukin 6/
signal transducer and activator of transcription pathway in the lungs of mice sub-chronically exposed to mainstream
tobacco smoke. BMC Medical Genomics, 2(1), 56.

Hecht, S. S. (2003). Tobacco carcinogens, their biomarkers and tobacco-induced cancer. Nature Reviews Cancer,
3(10), 733-744.

Jemal, A,, Bray, F., Center, M. M., Ferlay, J., Ward, E., & Forman, D. (2011). Global cancer statistics. CA: A Cancer
Journal for Clinicians, 61(2), 69-90.

Jensen, W., Oechsle, K., Baumann, H. J., Mehnert, A., Klose, H., Bloch, W., ... & Baumann, F. T. (2014). Effects of
exercise training programs on physical performance and quality of life in patients with metastatic lung cancer
undergoing palliative chemotherapy. Contemporary Clinical Trials, 37(1), 120-128.

Kruijsen-Jaarsma, M., Révész, D., Bierings, M. B., Buffart, L. M., & Takken, T. (2013). Effects of exercise on immune
function in patients with cancer: a systematic review. Exercise Immunology Review, 19, 120-143.

Lao, Y., Yu, N., Kassie, F., Villalta, P. W., & Hecht, S. S. (2007). Formation and accumulation of pyridyloxobutyl
DNA adducts in F344 rats chronically treated with 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone and enantiomers of
its metabolite, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol. Chemical Research in Toxicology, 20(2), 235.

Leitzmann, M. F., Koebnick, C., Abnet, C. C., Freedman, N. D., Park, Y., Hollenbeck, A., ... & Schatzkin, A. (2009).
Prospective study of physical activity and lung cancer by histologic type in current, former, and never smokers.
American Journal of Epidemiology, 169(5), 542-553.



IWWAA lowsl g 5l Y o lols ¥ 090 O039 39 (S ) pole (69 1,5 ladllao & 5l

Leu, C. M., Wong, F. H., Chang, C., Shiu-Feng, H., & Cheng-po, H. (2003). Interleukin-6 acts as an antiapoptotic
factor in human esophageal carcinoma cells through the activation of both STAT3 and mitogen-activated protein
kinase pathways. Oncogene, 22(49), 7809.

lliopoulos, D., Hirsch, H. A., & Struhl, K. (2009). An epigenetic switch involving NF-KB, Lin28, Let-7 MicroRNA,
and IL6 links inflammation to cell transformation. Cell, 139(4), 693-706.

Lunz, W., Peluzio, M. C. G,, Dias, C. M. G. C., Moreira, A. P. B., & Natali, A. J. (2008). Long-term aerobic swimming
training by rats reduces the number of aberrant crypt foci in 1, 2-dimethylhydrazine-induced colon cancer. Brazilian
Journal of Medical and Biological Research, 41(11), 1000-1004.

Miller, A., Brooks, G. D., McLeod, L., Ruwanpura, S., & Jenkins, B. J. (2015). Differential involvement of gp130
signalling pathways in modulating tobacco carcinogen-induced lung tumourigenesis. Oncogene, 34(12), 1510-1519.

Mirdar, SH., Arab, A., Hedayati, M., & Hajizade, A. (2012). The effect of pregnant rat swimming on hypoxia-inducible
factor-1a levels of neonatal lung. Tehran University of Medical Sciences, 69(12). [Persian]

Murakami, T., Takigawa, N., Ninomiya, T., Ochi, N.,& Yasugi, M. (2014). Effect of AZD1480 in an epidermal growth
factor receptor-driven lung cancer model. Lung Cancer, 83(1), 30-36.

Ostrowski, K., Schjerling, P., & Pedersen, B. K. (2000). Physical activity and plasma interleukin-6 in humans—effect of
intensity of exercise. European Journal of Applied Physiology, 83(6), 512-515.

Siveen, K. S., Sikka, S., Surana, R, Dai, X., Zhang, J.,& Kumar, A. (2014). Targeting the STAT3 signaling pathway
in cancer: role of synthetic and natural inhibitors. Biochimica et Biophysica Acta (BBA)-Reviews on Cancer, 1845(2),
136-154.

Tartibian, B., & Ebrahimi Torkaman, B. (2016). Inflammatory markers and muscle damage indices response to
intense exercise in healthy boys: relationship between the markers. Journal of Practical Studies of Biosciences in
Sport, 4(8), 31-41. [Persian]

Vieira, R. P., Almeida-Oliveira, A. R., Aquino-Junior, J. C., Oliveira-Junior, M. C., Andrade-Sousa, A. S.,
Assumpcao-Neto, E., ... & Oliveira, A. P. L. (2014). Aerobic Exercise Reduces Asthma Phenotype Through Modulation
Of SOCS-JAK-STAT Signaling. American Journal of Respiratory and Critical Care Medicine (pp. A6480-A6480). American
Thoracic Society.

Yu, H., Lee, H., Herrmann, A., Buettner, R., & Jove, R. (2014). Revisiting STAT3 signalling in cancer: new and
unexpected biological functions. Nature Reviews Cancer, 14(11), 736-746.

Yu, Y. B,, Liao, Y. W,, Su, K. H., Chang, T. M,, Shyue, S. K., Kou, Y. R.,&, Lee, T. S. (2012). Prior exercise training
alleviates the lung inflammation induced by subsequent exposure to environmental cigarette smoke. Acta Physiologica,
205(4), 532-540.



oy sl g 01350 Slvesxo o Vo omigig) pl 00idS Jlad g Jue (35 by 0 a3 L 090 SO U

Abstract

The effects of one period submaximal swimming exercise on STAT3 gene expression in lungs
of wistar rats following the injection of carcinogen NNK

Mohammadbagher Nikzad', Shadmehr Mirdar?

1. PhD student of Exercise Physiology, Department of Exercise Physiology, Faculty of Physical Education and Sport Sciences,
University of Mazandaran, Babolsar, Iran
- Science Committee of Public Lessons, University of Science and Technology of Mazandaran, Behshahr, Iran
2. Professor, Department of Exercise Physiology, Faculty of Physical Education and Sport Sciences, University of Mazandaran,
Babolsar, Iran,

Background and Aim: It is believed that sports programs have minimal impact on pathological changes in the lung tissue exposed to
smoking carcinogens. The aim of this study was to investigate the effects of twelve weeks submaximal swimming
exercise on the expression of STAT3 in lung tissue of rats following the exposure to the carcinogen NNK. Materials and
Methods: Forty-six Wistar rats (with the average weight of 105.84 + 27.93g) were divided into five groups: A) exercise
(E), B) exercise-NNK (EN), C) NNK (N), D) control (C) and E) Vehicle group (V) group. Exercise groups completed swimming
submaximal exercises for twelve weeks, five days per week (Water flow 4-10 L/min, 25-60min). Rats in
Vehicle group and NNK treatment group were respectively administered subcutaneous injections of distilled water and
NNK (12.5mg/kg, once a week, 12 weeks). 48 hours after the last exercise, rats died and samples of their lung tissue
were collected and stored in -70°. STAT3 expressions were measured by Real time PCR-ABI method. One-way analysis
of variance and Tukey post hoc test (P<0.05) were used for data analysis. Results: There was a significant increase
(p=0.05) in the NNK group compared to E (P=0.001) and EN (P=0.002) groups in the STAT3 gene expression while there
was no significant difference (P>0.05) between exercise groups with the control and saline groups. Conclusion: It seems
that submaximal training can be used as a complementary therapy method along with other methods to prevent main
factors leading to tumors.
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